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Abstract 
In the ever increasing competitive environment, utilities are faced with today, an effort to save costs by using thinner 
section components. One of the alloys currently being utilized in retrofit applications and new installations is Grade 
91 (9Cr-1Mo-V, referred as P91 for pipe and T91 for tubing). After forming process, Post Forming Heat Treatment 
process (PFHT) such as Normalizing and Tempering is carried out to regain its original mechanical properties and 
microstructure, which will depend on the  Rate of  Heating (ROH), Rate of Cooling (ROC), soaking time and 
soaking temperature. In our project these materials are normalized at various soaking factor is undergone hardness, 
tensile, impact and microstructure tests, then values were compared with usual value. The Result of the process will 
give, is there any influence in variation of soaking time of P91 materials during PFHT. Also, it gives whether 
clubbing of different thickness of P91material during heat treatment is possible. 
 
Keywords: P91, PFHT, ROC, ROH, Soaking factor. 
 
 
1. INTRODUCTION 
In power plant the frequent startups, shutdowns, and 
load changes imposed by cycling duty typically cause 
trouble for a power plant. Cycling causes rapid rates 
of change in steam temperatures, creating severe 
thermal gradients in thick-walled HRSG (Heat 
Recovery Steam Generator) components such as 
main steam piping and superheater headers. If it is 
repeated for sufficient number of times, this results in 
thermal fatigue cracking. One effective way to fight 
thermal fatigue is to use higher-strength materials, 
such as Grade 91, which allow pressure-containing 
components to be made in thinner sections.  
 
In addition to thermal fatigue induced by rapid 
changes in steam conditions, the superheater sections 
suffer creep damage because of the high metal 
temperatures at which they operate To use this 
material in power plants we had to undergo various 
operations such as hot bending, joining, etc.,. During 
these operations, there is a change in mechanical 
properties and microstructure of the material.. In 
order to regain its original properties and 
microstructure, the material undergoes Post Forming 
Heat Treatment (normalizing and tempering) process.
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2.  METHODOLOGY 
For calculating soaking time for Normalizing and 
Tempering it is calculated by considering the 
thickness of the pipe and soaking factor. Commonly 
used soaking factor is 1.25 for Normalizing and 2.5 
for Tempering.  In our project the fabricated pipes 
(bend pipes) are heat treated at various soaking 
factors is undergone hardness, tensile, impact and 
microstructure tests, then values were compared with 
usual value. The result of our project will give, is 
there any influence in variation of soaking time of 
P91 materials during PFHT. If the mechanical 
properties are enhanced, then we consider a new 
soaking factor. If there is no   influence in variation 
of soaking time, then clubbing of different thickness 
of P91material during heat treatment is possible. This 
provides an economic advantage, while fabricating 
the SA 335 P91 material.  Finally the project will 
give deep study on P91 materials, their properties 
and applications and heat treatment (normalizing and 
tempering) process. 
3. MATERIAL SURVEY 
3.1 Composition and Metallurgy of P91 
As indicated previously, the term P91 refers to the 
9Cr-1 Mo steel modified to include niobium, 
vanadium, and controlled nitrogen content. In terms 
of chemical composition, the ASTM/ASME steel P91 
(pipe)/T91 (tube) (USA) is defined by the details 
given in Table 1. (ASTM A213, ASME SA 213, 
ASTM A 335 and ASME SA 335).Grade 91 steels 
have been designated the codes NF A 49-213 or TU 
Z 10CDVNb 09-01 in France, and X1 OCrMoVNb9-
1 in Germany and Europe. 
 
 
 
 
 
C Si Mn P(max) S Cr 
0.08–
0.12 
0.20 – 
0.50 
0.30 – 
0.60 
0.20 0.010 8.0 – 9.5 
 
Mo Ni(max) Nb V Al(max) N 
0.85 – 
1.05 
0.40 
0.06 – 
0.10 
0.18 – 
0.25 
0.040 
0.030 – 
0.070 
 
Table: 1 Chemical composition of Grade 91 steel 
(wt%) 
 
4. EXPERIMENTAL PROCEDURE 
4.1 Soaking time 
Soaking time is the amount of time the material has 
to be placed inside the Furnace. It is calculated with 
the thickness of the material. Where the thickness of 
a particular material should be multiplied with the 
soaking factors of the process. 
So we are making a test with varying soaking factor 
and finding the tensile, impact, microstructure test. 
And comparing the result with the original one. This 
will result in clubbing of materials while putting 
them in the furnace. 
4.2 Impact test 
The "Standard methods for Notched Bar Impact 
Testing of Metallic Materials" can be found in ASTM 
where all the aspects of the test and equipment are 
used. 
 
Figure: 1 Impact test specimen 
4.3 Tensile test 
A standard specimen is prepared in a round section 
along the gauge length, depending on the standard 
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used. Both ends of the specimens should have 
sufficient length and a surface condition such that 
they are firmly gripped during testing. 
 
Figure: 2 Tensile test specimen 
4.4 Microsturcture test 
Microstructure is defined as the structure of a 
prepared surface or thin foil of material as revealed 
by a microscope above 25 × magnification. The 
microstructure of a material (which can be broadly 
classified into metallic, polymeric, ceramic and 
composite) can strongly influence physical properties 
such as strength, toughness, ductility, hardness, 
corrosion resistance, high/low temperature behaviour, 
wear resistance, and so on, which in turn govern the 
application of these materials in industrial practice. 
5. OBSERVATION 
Theoretical soaking time: 52 min 
Process: Normalizing 
 
Table: 2  Process in furnace 
6. RESULT 
6.1 Impact test 
Size: 10*10*55 mm 
CVN notch size: 2 mm 
      
 
Test Piece 
No 
Process 
(1) J 
Process 
(2) J   
Process 
(3)J 
1 207.5 214.5 204.2 
2 26.2 29.9 20.2 
3 34.9 33.1 34.7 
 
Table: 3 Impact test result 
6.2 Brinell Hardness Test 
Load: 187.5 kg 
Ball diameter: 2.5 mm 
 
Brinell Hardness Number 
S.No Test piece1 Test piece 2 Test piece 3 
1 229 415 393 
2 224 438 438 
3 229 404 404 
4 219 426 438 
5 229 415 393 
6 215 451 415 
7 229 404 404 
8 215 426 404 
9 224 415 383 
10 215 415 404 
                   
Table: 4 Brinell hardness test 
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6.2 Tensile Test 
 
Table: 5  Tensile test on test piece 1 
 
Figure: 3  Load vs Displacement curve for            
Test piece 1 
 
Test Piece No: 2 
Area(mm2) 78.26 
Initial diameter(mm) 9.98 
Final diameter (mm) 7.3 
%Reduction area (%) 46.5 
Initial length(mm) 49.8 
Final length(mm) 55.31 
% Elongation (%) 11.06 
Yield load (KN) 87.99 
Yield stress (N/mm2) 1124.329 
Tensile load (KN) 101.28 
Tensile strength(N/mm2) 1294.48 
 
Table: 6  Tensile test on test piece 2 
 
Figure: 4  Load vs Displacement curve for            
Test piece 2 
 
Test Piece No: 3 
Area(mm2) 77.79 
Initial diameter(mm) 9.95 
Final diameter (mm) 7.30 
%Reduction area (%) 46.17 
Initial length(mm) 49.95 
Final length(mm) 55.79 
% Elongation (%) 11.69 
Yield load (KN) 90.57 
Yield stress (N/mm2) 1164.288 
Tensile load (KN) 103.15 
Tensile strength(N/mm2) 1326.006 
 
Table: 7  Tensile test on test piece 2 
 
 
Figure: 5  Load vs Displacement curve for            
Test piece 3 
 
 
Test Piece No: 1 
Area(mm2) 79.36 
    Initial diameter(mm)        10.05 
Final diameter (mm) 4.94 
%Reduction area (%) 75.54 
Initial length(mm) 49.73 
Final length(mm) 60.89 
% Elongation (%) 22.44 
Yield load (KN) 40.76 
Yield stress (N/mm2) 513.609 
Tensile load (KN) 51.41 
Tensile strength(N/mm2) 647.807 
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6.3 Microstructure Test 
DP1/14 
    
BOT MS 20X      BOT MS 50X 
     
TOP MS 20X       TOP MS 50X 
Figure: 6 Microstructure for test piece 1 
DP2/14 
     
BOT MS 20X              BOT MS 50X 
      
            TOP MS 20X            TOP MS 50X 
 
Figure: 7  Microstructure for test piece 2 
DP3/14 
   
BOT MS 20X  BOT MS50X 
      
TOP MS 20X  TOP MS 50X 
 
           Figure: 8  Microstructure for Test piece 3 
7. DISCUSSION 
7.1 Impact Test 
The impact values of the test specimens 2 and 3 
which are normalized for soaking factors 3.57 and 
2.5 have not much variation. 
The normalized and tempered parent material have 
average impact values of 207.5 joules, which is 
higher than the normalized test specimens 2 and 
3.During normalizing, by increasing the soaking 
factor (i.e. above usual value 1.25) the impact values 
slightly decreases. 
7.2 Hardness Test 
For P91 material usual hardness value ranges from 
190 to 280. By experimenting with the parent 
material, i.e. test piece 1, hardness value ranges 
(Brinell hardness number) from 215 to 229. In our 
project parent material is cut into two pieces and 
normalized at a different soaking factor.  
Normalizing the material, by increasing the soaking 
factor which increases the hardness value of the 
material for a certain limit. In our test BHN for test 
piece two ranges from 415 to 451 and for Test piece 
Three BHN range from 383 to 438. Even though 
increasing the soaking time for normalizing, we 
should go for the tempering process to increase the 
ductility of the material. So this variation in hardness 
will not have much effect in microstructure and 
mechanical properties of the material.   
7.3 Tensile Test 
Tensile test helps in determining the tensile 
properties such as tensile strength, yield point, % 
elongation, the % reduction in area and modulus of 
elasticity. The specimen 2 and 3 that soaked at 
soaking factors 3.87 and 2.5 does not have the 
variation in tensile properties. The Load vs 
displacement graph shows that the displacement for 
specimen1 is high with minimum load, but in 
specimen 2 and 3 the displacement is low for high 
load. So that the tensile and yield load for specimen 2 
and 3 is high and have no variation between each 
other. 
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7.4 Microstructure Test 
The microstructure results that we have obtained are 
bottom and top images of the material after the 
process. The test piece No: 1 is taken as our 
reference, whereas the test piece No: 2 and 3 which 
are processed and tested are found similar with 
negligible variation which is allowed. This is due to 
there are having the similar grain size. So the 
material which has to be processed at these thickness 
can be clubbed together for Furness process.   
8. CONCLUSION 
Generation of power plays an important role in order 
to fulfill the human needs. Many power plants have 
been established to generate power. Modern power 
engineering technologies and power unit structures, 
especially those working at supercritical parameters, 
require the application of new materials, such as for 
example P91 and P92 steels, which exhibit high creep 
resistance. It takes more time to fabricate these 
materials due to its sensitivity. Our project clearly 
reveals that by varying the soaking time, there is no 
much variation in microstructure and mechanical 
properties of the material. It means that soaking time 
does not possess any influence in microstructure and 
mechanical behavior of the material for normalizing. 
We conclude that the clubbing of different thickness, 
to our soaking factor of pipes will not possess any 
change in microstructure and its mechanical 
properties. This will be a greater economic advantage 
to carry out the heat treatment process. While we 
undergo clubbing, time taken for fabricating these 
materials will be less.  Further study must be needed 
by varying the soaking time for tempering and for 
clubbing of higher thickness of the material 
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